The foaming properties of fibrillar whey proteins were compared with those of native or 27 denatured whey proteins and also with egg white protein. Whey protein foaming capacity and 28 stability were related to protein concentration, pH, time of whipping, pressure and heating 29 treatments. Foams produced from fibrils showed significant improvement in foaming capacity 30 and stability when compared with non-fibrillar whey proteins. Dynamic high shear 31 (microfluidization) or moderate shear (Ultra-turrax mixing) of fibrillar protein dispersions did 32 not significantly affect their subsequent foaming properties. Furthermore, foams prepared 33 with fibrillar whey protein (≤ 3% protein) had comparable capacity and stability to that from 34 egg white protein, which is the traditional foaming ingredient in food industry. Results 35 suggest that fibrillized whey proteins are highly effective foaming agents even at relatively 36 low protein concentrations (1-3% w/w). 
wire whip beater at a constant speed setting of 10 for 5, 10 or 15 min, respectively. 179 180
Foaming capacity 181
Foam capacity of a protein refers to the amount of interfacial area created by the protein and 182 is expressed by the overrun (Damodaran, 1997; Campbell and Mougeot, 1999) The shape and the size of the resulting air bubbles were investigated using bright field optical 213 microscopy. Approximately 200 μL of the foam was deposited on a glass slide without a 214 cover slip. Images (8-bit, TIFF) were acquired using an optical microscope (Olympus BX-51,camera (Jenoptik C14). The bubble size distribution was determined using Image J v1.43 217 image analysis software (NIH, Bethesda, USA). 218
The Sauter mean bubble diameter (d 32 ) (Nicorescu et al., 2009a) was estimated using the 219 following relationship: 220
in which n i is the bubbles number that belong to the ith size class of average diameter d i . 222 imaging, the WPI dispersions were diluted in Milli-Q ® water to a final concentration of 0.01 -226 0.03 % (w/w) at pH 2 or pH 7. For AFM imaging, 10 µL of the diluted protein dispersion was 227 deposited onto freshly cleaved mica and subsequently dried in a desiccator. Height images 228
were taken using AC-mode in air to characterize globular aggregate/fibril morphology and 229 size. 230 For all concentrations, thermal treatment of the WPI dispersions at pH 2 improves foam 296 stability, longer drainage times being measured for the heated dispersions than for the 297 unheated ones. A similar effect was obtained for 1% (w/w) WPI dispersion at pH 7, while for 298 2% (w/w) at pH 7 the thermal treatment has no significant effect on the drainage time. 299
However, for the 3% (w/w) WPI dispersions at pH 7, thermal treatment has the opposite 300 effect, the drainage time being much longer (30 min) for the unheated WPI dispersions. For 301 unheated WPI dispersion at pH 7 the drainage time remains relatively constant as the 302 concentration increased, but the amount of drained liquid decreased. Comparing the native 303 protein solutions at pH 7 of 2% (w/w) and 3% (w/w), the foam produced by 2% (w/w) 304 solutions has more percentage drainage. The situation is reversed for solutions containing 305 fibrillar aggregates. 306 307 308
In general, it can be concluded that thermal treatment, pH decrease and/or increases in WPI 309 concentration can all improve the WPI foam properties. Considering the foam overrun and the 310 foam stability results, the best foam were achieved for samples containing fibrils (2% (w/w) 311 WPI fibrils at pH 2 and 7) using a whipping time of 15 min. Consequently, this sample will be 312 used for the second part of the study. The effect of shear mixing using Ultra-Turrax at two rotational speeds (11,200 and 24,000 406 rpm) on the foam properties of 2% (w/w) native or fibrillar WPI dispersions at pH 2 and 7 407 were examined. As seen in the microfluidization process, the shear mixing Ultra-Turrax 408 treatment resulted in long WPI fibrils being broken into shorter length fibrils (150 -400 nm) 409 (Figure 7.b) . For solutions containing fibrils the Ultra-Turrax treatment leads to a decrease in 410 the overrun value, but the magnitude of the speed seems to play a secondary role as there is a 411 small difference in foam overrun at 11,200 and 24,000 rpm (Figure 11 ). For the other 412 solutions the changes are significant and the overrun value varies with the rotational speed. 413 
